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Abstract 
 

Funded since 2001 by National Science 
Foundation, an innovative open courseware 
(http://nm.mathforcollege.com) has been 
developed for a comprehensive undergraduate 
course in Numerical Methods.  The open 
courseware resources enhance instructor 
preparation and development as well as the 
student educational experience by facilitating a 
hybrid educational approach to the teaching of 
Numerical Methods, a pivotal STEM course, via 
customized textbooks, adapted course websites, 
social networking, digital audiovisual lectures, 
concept tests, self-assessment of the level of 
learning via online multiple-choice question tests 
and algorithm-based unlimited attempt quizzes, 
worksheets in a computational system of choice, 
and real-life applications based on the choice of 
one’s STEM major.  The resources have been 
implemented successfully at the University of 
South Florida, Arizona State University, Old 
Dominion University, Milwaukee School of 
Engineering, and Mississippi Valley State 
University. With philosophies of open 
dissemination and pedagogical neutrality, more 
than 30 institutions and thousands of individual 
users have adopted the resources in an a la carte 
fashion. In this paper, we discuss the history, 
philosophy, development, refinement, assessment 
process, and future of the open courseware.  The 
summarized assessment results include those of 
comparing several instructional modalities, 
measuring student learning, effect of collecting 

homework for a grade, using online quizzes as a 
substitute for grading homework, interpreting 
summative ratings of the courseware, student 
satisfaction, and Google Analytics.   

 
History 

 
In 1990, the first author of this paper thought of 

developing MS-DOS based simulations and 
textbook chapters for a course in Numerical 
Methods.  He would use QuickBasic [1] to 
develop the simulations and WordPerfect [2] to 
write the textbook.  He would distribute these by 
US mail to various Numerical Methods instructors 
via 1.44MB floppy disks.  This idea was pitched 
in 1990 in a proposal to the newly established 
NSF Instrumentation and Laboratory 
Improvement (ILI) program [3].  The proposal 
received good reviews and was not funded, 
primarily because the emphasis of the ILI program 
then was on hardware-oriented laboratory 
improvement.  A resubmission of the revised 
proposal in 1991 was not funded either.  

 
Shelving the idea for 9 years, in 2000, the first 

author along with the eighth author (a fellow 
mechanical engineering professor with a 
background in finite element methods and 
statistical analysis) applied again to get the 
proposal funded.  This time we applied to the 
Course, Curriculum and Innovation (CCLI) 
program of NSF, a program that had unfolded 
from the ILI program in 1999.  The CCLI program 
“gave increased priority to testing the 
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effectiveness of materials and practices in terms of 
gains in student learning” [4].  By Year 2000, 
much had also changed in the computational 
world – internet was being embraced as a medium 
to provide information, computational packages 
such as Mathcad [5] were being used in 
engineering curriculums, Microsoft Office [6] had 
made keen advances in word processing and 
presentation software, and the Acrobat Reader [7] 
made reading documents accessible free-of-charge 
on multiple platforms.  All these advances were 
incorporated in the revised proposal.  Again, the 
proposal was rejected but mainly for the lack of an 
assessment expert from the education field.  

 
In April 2001, MIT announced [8] its open 

courseware initiative [9] where they would 
publish online course materials such as course 
syllabus, lecture notes, digital audiovisual 
lectures, assignments and examinations.  In 2002, 
they published their first set of 50 courses.   More 
than 2,000 courses have since been published.  
Combined with the acceptance of such ideas of 
open courseware and teaming with the sixth 
author from the College of Education at USF, a 

revised proposal to the NSF CCLI program was 
finally   funded   in   2001 [10].   Since   then  we  
received two expansion CCLI grants [11,12] and 
one more CCLI prototype grant [13] for the 
development, assessment, refinement and revision 
of the comprehensive open courseware for 
Numerical Methods.  We call these resources: 
Holistic Numerical Methods (HNM).     

 
Development 

 
The topics (Figure 1) covered in the developed 

Numerical Methods open courseware [14] include  
 
1. Introduction to Scientific Computing,  
2. Differentiation,  
3. Nonlinear Equations,  
4. Simultaneous Linear Equations,  
5. Interpolation,  
6. Regression,  
7. Integration,  
8. Ordinary Differential Equations,  
9. Partial Differential Equations,  
10. Optimization, and  
11. Fast Fourier Transforms. 

 

 

 
Figure 1: Home page of the numerical methods open courseware. 
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The open courseware available at http://nm. 
mathforcollege.com consists of resources that are 
available in multiple-context and modes of access.  
The context items include  

 
1. primers for pre-requisite knowledge,  
2. textbook chapters,  
3. digital audiovisual lectures,  
4. presentations,  
5. worksheets,  
6. real-life applications, and  
7. multiple-choice quizzes.  
  
1. Primers for Pre-requisite Knowledge: The 

pre-requisite courses to a typical Numerical 
Methods course include the Calculus series, 
Ordinary Differential Equations and 
Programming.  To make it simpler and 
specific for students to review the pre-
requisite information, short primers have 
been developed for topics such as quadratic 
equations, Taylor series, differential 
calculus, integral calculus, and ordinary 
differential equations.  These include 
multiple-choice tests and related audiovisual 
lectures.  
 

2. Textbook Chapters: Dividing each of the 11 
topics into subtopics for modular purposes, a 
textbook chapter has been written for each 
subtopic.  Because of the modular nature of 
the HNM resources, using self-
publishing[15] and semi-automated compi-
lation programs, we have developed 
customized textbooks for various programs.  
This has reduced the weight and cost of the 
textbook.  

 
3. Digital Audiovisual Lectures: More than 

300 modular digital audiovisual lectures [16, 
17] (Figure 2) that span a comprehensive 
course in Numerical Methods have been 
uploaded to YouTube [18].  These 
audiovisual lectures work seamlessly with 
mobile devices such as smartphones, 
notebooks and tablets.  

 
4. Presentations: PowerPoint presentations 

have been developed for all topics.  The 
examples in  the  presentations are based on 

 

one’s major of choice so that instructors and 
students can quickly relate to the topic at 
hand. 
 

5. Worksheets:  The worksheets illustrating 
various numerical methods are developed in 
four popular computational systems – 
Mathcad [5], Mathematica [19], Maple [20], 
and MATLAB [21].   These are not 
simulations as we wanted to recreate hand-
written solutions of numerical methods 
examples.  But why develop the worksheets 
in four separate systems?   
 
o First, for continuity, cost, and pedagogy, 

a college may select and employ only 
one of these packages across their 
curriculum.   

o Second, there is no additional cost 
involved if a university already has a site 
license to just one of the four 
computational systems.   

o Third, given a choice, students are 
typically reluctant to learn a second 
computational system if they already 
know one.   

o Fourth, those motivated can use an 
alternate computational system to gain 
greater proficiency in it. 
 

6. Real-Life Applications: Typically, when a 
Numerical Methods course is taught, 

 
 
 
 

  

       
 

Figure 2.  Home page of the Numerical Methods 
YouTube site. 

 

http://nm/
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instructors either focus on the methods while 
paying little attention to showing their 
applications in the STEM majors, or put 
most of the emphasis on solving STEM 
problems via computational systems while 
spending little time on the algorithms of 
numerical methods. The open courseware 
allows users to do both by choosing specific 
real-life examples to illustrate numerical 
methods applications and procedures from 
each of the engineering disciplines (other 
STEM disciplines choose General 
Engineering applications).  For example, at 
USF, throughout the Numerical Methods 
course, we interweave a single problem of 
shrink-fitting procedure of a bascule bridge 
(Figure 3) [22].   

 

           
 
Figure 3.  Real-life application of  a trunnion 
being shrink-fitted into a hub to form the fulcrum 
assembly of a bascule bridge. 
 

The real-life examples from different engi-
neering majors also provide the critical cross-
disciplinary opportunity for students and 
instructors to see how others use numerical 
methods. 
 

7. Multiple-Choice Quizzes: Each sub-topic is 
followed by a 6-question multiple-choice 
quiz (Figure 4).  The quizzes mostly follow 
the first four levels of Bloom’s taxonomy 
[23].  The quizzes are automatically graded, 
and the feedback is instant.  A student can 
take the quiz multiple times, but the 
questions stay the same.  We are currently 

looking at replacing some of the questions in 
each quiz with algorithmic solutions which 
will allow random values of input variables. 
 

 
The access modes include resources in original 

software format, Acrobat reader, etc.  For 
example, a multiple-choice quiz resource is 
available in four formats - MS Word, Acrobat 
PDF, HTML and Flash [24].  Such access modes 
are essential in reaching a broad audience who has 
different levels of access to the internet and 
software, and to encourage re-use and re-
distribution as per a Creative Commons License 
[25].  
 

Implementation 
 

The HNM resources have been adapted and 
implemented successfully at the University of 
South Florida, Old Dominion University, Arizona 
State University, the Milwaukee School of 
Engineering, and Mississippi Valley State 
University.  With philosophies of open 
dissemination and pedagogical neutrality, an 
additional 30 institutions and thousands of 
individual users have adopted the HNM resources 
in an a la carte fashion. Implementation has been 
done not only in STEM Numerical Methods 
courses, but also in other courses such as Finite 
Element Methods, Political Science, Linear 

 
 

Figure 4.  An example of multiple  
 choice quiz for self-assessment. 
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Algebra, Psychometric Studies, and Mathematics 
for Economics and Business. 

  
Assessment 

 
The current project courseware and assessment 

of its impact was evaluated via a variety of 
satisfaction assessment and examination 
instruments, and transparent analytics tools. Only 
a brief summary of the important results is 
provided here as detailed data and statistical 
interpretation are provided elsewhere in Refs. [26-
32]. 

 
1. Quantitative Assessment Based on Bloom’s 

Taxonomy: All students were given a multiple-
choice final examination. The examination 
questions were not exactly the same at all four 
institutions because the syllabus and approach in 
the course differed at each institution. However, 
more than 50% of the questions were common on 
these examinations and covered both the lower-
three and higher-three levels as outlined by Bloom 
and colleagues in their classic taxonomy in the 
cognitive domain [23].  
 

Statistical procedures to measure changes in 
instructional   effectiveness    from    semester   to  
semester were computed. A two-tailed t-test 
comparing the final examination grade of students 
between the two treatments of before and after 
implementation of the HNM resources are given 
in Table 1.  
 

2. Concept Test:  A concept test was used as an 
assessment tool to measure student learning and 
its improvement during the course.  The concept 
test comprised of 16-multiple-choice questions 
(two from each of the eight topics covered at 
USF) and was given in the beginning and end of 
the class for three semesters at USF.   

 
The basis of the distractors in the multiple-

choice test was classroom questioning, homework 
assignments, and tests.  This “informal approach” 
is the reason why we call our test a “concept test” 
and not a “concept inventory”.  Nonetheless, the 
concept test also does not fall in the category of a 
“diagnostic test” either.  Our focus was in finding 
how well the students understand the fundamental 
background concepts of numerical methods, and 
how much they gained in the understanding of 
these concepts by the end of the semester.    

 
 

Table 1. Comparison of final examination results (maximum final exam score is 100) before formal 
implementation and after full implementation (N=number of students taking the final examination, 

µ=average final examination score, σ=standard deviation of final examination score). 
 

University Semester before formal 
implementation 

Semester after  
full  implementation 

Statistically Significant  
Improvement 

USF N=41, µ=56.4, σ=13.4 N=62, µ=69.0, σ=12.0 Yes (t(101)=4.97, p<0.01) 
ODUa N=51, µ=61.9, σ=8.9 N=58, µ=70.0, σ=9.3 Yes (t(107)=1.98, p<0.01) 
ASUb  N=71, µ=70.6, σ=12.0 

 
N/A 

MVSU N=3, µ=30.0, σ=16.6 N=5, µ=43.6, σ=16.9 Yes (by observation; small 
sample size)  

 
                                                 
a Because of the philosophy of open dissemination, students had informal access to most of the HNM 
resources in Fall 2008 (baseline semester) at ODU before formal implementation; the post-formal 
implementation results are for Fall 2011. 
b  ASU already was using the textbook resources before becoming a grant partner and hence we do not 
have pre-implementation results.  However, ASU uses almost (88% of the questions are identical) the 
same examination as USF, and their average and standard deviation results are comparable to that of 
USF. 
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Table 2.  Student performance in pre- and post-concept test over three semesters at USF. 
 

Semester Average Number of 
Correct Answers in 
Pre-test (mean/st.dev.) 

Average Number of Correct 
Answers in Post-test 
(mean/st.dev.) 

Hake’s 
Gain Index 

Spring 2008 8.2/2.4 11.0/2.7 0.36 
Spring 2009 8.3/3.5 11.6/3.9 0.43 
Spring 2010 9.2/2.6 12.0/2.2 0.41 

 
 

The improvement in students’ performance 
between the pre-test and the post-test is 
summarized in Table 2.    A paired t-test with 
p<0.001 indicated significant difference between 
the mean number of correct answers in the pre- 
and post-concept tests.   

 
A method to quantify student learning is to 

calculate the Hake’s gain index [33], which is  
defined as follows  

 

  pre

prepostg
µ
µµ

−

−
=

100                                    (1)
 

Where 
 

preµ = mean percentage score of the pre-test, 

postµ = mean percentage score of the post-test.  
 

The Hake’s gain index in Equation (1) ranges 
from 0 to 1, where 0 is a measure of no gain and 1 
is  a measure of  maximum possible gain.  The 
Hake’s gain index for the three semesters was 
0.36, 0.42, and 0.41, respectively, indicating 
increased student learning of the basic concepts.   
 

The analysis discussed in detail in Ref [32] 
showed that certain subgroups’ performance in the 
pre- and post-concepts test is significantly better 
than others.  For example, students with 
prerequisite GPA≥3.0 perform better than those 
with prerequisite GPA<3.0, and non-adult 
students perform better than adult students do.  
The latter may be attributed to adult students 
having a larger time gap between taking the 
Numerical Methods course and its pre-requisites. 

 
3. Digital Audiovisual Content Assessment: To 

assess the effectiveness of lecture videos, a pilot 
study [29] was conducted at USF for a single 

instructional unit (Nonlinear Equations) over 
separate administrations (2002-06) to study four 
instructional delivery modalities: 

 
Modality a: Traditional lecture (traditional face-

to-face mode without benefit of web-based 
materials)  

Modality b: Web-enhanced lecture (face-to-face 
mode with active learning via multiple-choice 
questions and small calculation questions, and 
benefit of supplementary web-based content) 

Modality c: Web-based self-study (learning only 
via primary content available on the web) 

Modality d: Combined web-based self-study and 
classroom discussion (learning via primary 
content available on the web outside the 
classroom, and followed by Q&A classroom 
discussion) 

 
Videotaped topics were made available as part of 

the web-based content for Modalities c and d. To 
compare the delivery modalities, student 
achievement on a multiple-choice examination 
(part of the final examination) and a student 
satisfaction survey were used. We found that the 
use of web-based modules provides students with 
greater satisfaction and an enhanced likelihood to 
succeed in the course. Students in the Modality b 
cohort tended to have more favorable survey 
ratings as compared to the other three groups of 
students (Table 3) and students in the Modality b 
and Modality d cohorts performed consistently 
better on achievement measures (Table 4). 

 
Most respondents considered use of a distance 

learning modality as positive, tending to cite 
availability of a variety of resources and flexibility 
as strengths of the web-based materials. Complete 
statistical analysis details and qualitative data of 
this assessment are available in Ref. [29]. 
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Table 3.  Student satisfaction level average (maximum of 7 on scale of 1-truly inadequate to 7-truly 
outstanding) for different instructional delivery modalities (N=number of students). 

 
 MODALITY 

Modality a: 
Traditional 
Lecture  
(N=42)  

Modality b: 
Web-Enhanced 
Lecture  
(N=27) 

Modality c: 
Web-Based 
Self Study 
 (N=49) 

Modality d: 
Combined Self Study & 
Class Discussion  
(N=56) 

Satisfaction 
Level Average 
(Standard 
Deviation) 

4.48 (0.174) 5.80 (0.135) 4.26 (0.208) 4.66 (0.226) 

 
Table 4.  Final examination averages (maximum of 4) for different instructional  

delivery modalities (N=number of students). 
 

 MODALITY 
Modality a: 
Traditional 
Lecture  
(N=42)  

Modality b: 
Web-Enhanced 
Lecture  
(N=27) 

Modality c: 
Web-Based Self 
Study 
(N=49) 

Modality d: 
Combined Self 
Study & Class 
Discussion  
(N=56) 

Final 
Examination 
Average 
(Standard 
Deviation)  

2.14 (0.814) 2.51 (1.12) 2.27 (0.953) 2.68 (1.01) 

 
4. Summative Course Rating: Students assessed 

the HNM resources using a summative rating [26] 
based on five critical factors – a) content, b) 
learning, c) delivery support, d) usability, and e) 
technology. For each factor, questions asked are 
based on technology standards and are rated on a 
0-4 (Absent to Excellent) Likert scale. Average 
reported ratings over several semesters at USF, 
ASU and MSOE are given in Table 5. 

 
In response to qualitative questions, students 

liked the videos, simple “no frills” navigation, the 
multiple-choice tests, and access to additional 
examples from other engineering majors. 
Complete statistical analysis details and 
qualitative data of this assessment are available in 
Ref. [26]. 

 
5. External Evaluators: The online-developed 

modules were evaluated by four independent 
Numerical  Methods  instructors  (Table 6).  These 

 
 

 
Table 5.  Summative open courseware rating 

 (0-absent to 4-excellent) 
 

SEMESTER USF  ASU MSOE 
Spr 05 3.1   
Fall 05   2.5 
Fall 06   2.3 
Spr 07 3.1   
Fall 07   2.5 
Spr 08 3.1   
Spr 09 3.1 3.2  
Fall 09    
Spr 10 3.3   

 
instructors each teach a course in Numerical 
Methods in their respective institutions, and their 
years of teaching experience range from 3 to 35 
years (average=19 years). They teach courses to a 
variety of engineering majors and use different 
computational software systems. The feedback 
received from  these evaluators  was incorporated  
in the HNM resources. 
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In answers to qualitative questions, the reviewers 
found the HNM resources to be effective without 
being overwhelming. The level of presentation 
and choice of real-world problems were found to 
be very appropriate. The holistic approach was 
highly appreciated, as was the flexibility to choose 
among the sub-modules. Complete statistical 
analysis details and qualitative data are available 
in Ref. [26]. 

 
6. Analytics: Google analytics [34] were used to 

analyze the visits to the open courseware by the 
general user.  “Google Analytics shows you how 
people found your site, how they explored it, and 
how you can enhance their visitor experience” – 
Google Analytics.  The site has been tracked since 
April 2008, and it has played a key role in 
modifying and improving the access to the users 
worldwide.  The following items provided by 
Google Analytics (Figure 5) were used in the 
process. 

 
a) Top content topics: This gives the web links 

that are most popular with the users.  The 
top content showed that web pages that 

collated all the resources for a particular 
numerical method on a single page were the 
most popular.  Using this analytic result, we 
developed individual web pages for all the 
numerical methods and linked them from the 
home page of the open courseware. 

b) Referring sites:  This information allows 
finding the sites that refer to the open 
courseware. So far, other than search 
engines and direct hits, Wikipedia is the 
largest referring site.  But what is most 
important is to be able to readily find 
institutional (.edu) sites and educational 
blogs that refer to the open courseware.  
This gives a fair idea of how and which 
universities are using the HNM resources, 
and helps us target the commercial 
dissemination of textbooks for self-
sustaining the project. 

c) Traffic Sources: The traffic sources are 
tracked by three categories – search engines, 
referring sites and direct traffic.  Table 7 
shows these categories by numbers for 2009 
and 2011.  

 
Table 6.  External evaluation average rating 

 (1-truly inadequate to 7-truly outstanding) results of HNM resources. 
 

The HNM resources were helpful 
 as a supplement 5.7 

for class presentations 5.7 
for problem assignments 5.3 
in developing higher order thinking and problem solving skills 4.7 
for relevance to engineering major 5.7 

 

 
 

Figure 5.  Google analytics report on site visitors in 2011. 
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Table 7  Visits by traffic sources. 
   

Traffic 
Source 

2009 2011 Change 

Search 
Engines 

124,585 
(55%) 

170,946 
(50%) 

37% 

Referring 
Sites 

60,255 
(26%) 

82,734 
(24%) 

37% 

Direct 
Traffic 

43,918 
(19%) 

91,440 
(26%) 

108% 

 
The visits from each of the traffic sources 
are increasing. The direct traffic has 
increased by 108%, a testimony that the 
open courseware is being recognized as a 
definite source for numerical methods.  In 
fact, for the search phrase of “numerical 
methods” the open courseware is rankedc #2 
on all major search engines - Google™, 
Yahoo™, and Bing™ (after Wikipedia). 

d) Search words:  This is a set of popular 
search words used that send users to the 
open courseware. Again, these search words 
have been used to develop an alphabetically 
ordered keyword web page. This directs the 
users quickly to the relevant information. 

e) Site Usage: Five parameters are tracked in 
this category and are shown in Table 8 for 
2009 and 2011. 

 
Table 8  Change in yearly site usage. 

 
Factor 2009 2011 Change 
Visits 228,758 345,121 51% 
Page Views 679,262 1,077,702 58% 
Pages/Visit 2.97 3.12 5% 
Bounce Rate 58% 54% -7% 
Average Time 00:04:09 00:04:28 8% 
 
From 2009 to 2011, the visits to the open 

courseware and page views have increased by 
more than 50%.  The bounce rate, a measure of 
percentage of users leaving the open courseware 
for another rather than going to other pages of the 
open courseware, has also decreased by 7%.  
Users are spending 8% more time on the open 

                                                 
c The searches were conducted on December 30, 
2011. 

courseware, although a long time is not 
necessarily better for a reference site.   

 
Future  of  the  Open  Courseware 

 
The authors are currently seeking support to 

adapt, implement and assess the open courseware 
in nine other universities, and conduct national 
workshops to train faculty in the use and 
improving of awareness of the open courseware.   

 
The overarching question we want to answer is:  

“To what extent would the expansion of open 
courseware to the diverse institutions enhance 
student learning (cognitive and affective), 
ownership of learning, and ability to demonstrate 
greater competence in Numerical Methods-type 
courses that are critical to successful completion 
of STEM programs?”  We also plan to create 
several new instructional materials to improve 
student learning and develop assessment tools to 
measure these learning gains as follows: 

 
1. Concept Inventory: Ever since the Force 

Concept Inventory [35] explored the student’s 
understanding of a first course in College Physics, 
concept inventories [36-38] have become a 
favored assessment tool in identifying students’ 
conceptual misunderstandings and inadequacies, 
and in measuring student-learning gains.  We are 
planning to develop a Concept Inventory for the 
course using a rigorous and well-established 
methodology based on Delphi methodology[39].  

 
2. Simulations: The worksheets written in the 

four computational systems for the open 
courseware are not written to develop simulations 
of various numerical methods but to emulate the 
step-by-step procedure of the numerical methods.  
To develop simulations in a stable and 
professional environment, we have developed 
prototype Wolfram demonstrations [40] to 
simulate graphically (Figure 6) various numerical 
methods, and related concepts of convergence and 
pitfalls.  These demonstrations are used in class to 
illustrate the workings of a numerical method and 
students are encouraged to use them at home 
while reviewing the course material.  The ultimate 
goal of these simulations is to embed them into 
ebooks along with digital audiovisual lectures and 
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interactive quizzes to develop the next generation 
of ebooks that are free. 

 

 
 

Figure 6.  An example of a Wolfram demo 
illustrating the approximation of the first 

derivative of a function. 
 

3. Unlimited Attempts Self-Assessment 
Quizzes (UASQs): Self-assessment with unlimited 
attempts to solve problems allows students to 
become actively engaged with the information and 
their learning [41].  As a prototype, we 
implemented in the course-management system of 
Blackboard [42], three “unlimited-attempts self-
assessment quizzes” (UASQ) for the topic of 
Simultaneous Linear Equations (SLE). Each of the 
3 quizzes  (Figure 7)  had  6-7 questions  that were  

of algorithmic form, which allowed the instructor 
to choose some or all input variables to take 
values within a pre-determined range, and develop 
a formula for the correct answer. 
 

When a student took the quiz, the system 
randomly chose the values of the selected 
variables, and answered the question by filling in 
the answer field. The student’s answer was 
checked against the correct value. Feedback, 
including the answer and its correctness, was 
provided immediately. 

 
A limited amount of time (10 days from the start 

of the first sub-topic), but unlimited attempts to 
complete all three quizzes, was given. The number 
of attempts, the time taken, and the score for each 
attempt were recorded automatically by 
Blackboard [42]. 

 
To measure the effectiveness of the UASQs, the 

following treatments were used. For the topic of 
Simultaneous Linear Equations (SLE), in 2009, 
homework problems were assigned from the book 
but not collected for a grade, while in 2010, we 
assigned and graded (3% of overall grade) the 
UASQs.  Under the two treatments, the scores of 
the SLE questions on the final examination were 
compiled and the results are shown in Table 9.   

 
While the first row in Table 9 shows a notable 

improvement in the performance of all students in 
the SLE questions, we were prescriptively curious 
if this improvement is more pronounced for 
particular subgroups based on pre-requisite GPA.  

 

 
 

Figure 7.  Unlimited self-assessment algorithmic quizzes. 
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Table 9.  SLE final examination score (maximum score is 4) before and after  
implementation of UASOQs (N=number of students taking the exam, 

 µ=average score, 2σ =variance in exam scores, p=p-value). 
 

Pre-requisite GPA UASQs SLE Final Examination Scores 

All participants 
Before   N=110, µ=2.7, 2σ =0.9 

p=0.11 After N=134,  µ=2.9, 2σ =0.9 

0.00-2.49 
Before N=16, µ=2.7, 2σ =0.7 

p=0.57 After N=22,  µ=2.6, 2σ =0.7 

2.50-3.50 
Before  N=79, µ=2.6, 2σ =1.0 

p=0.03 After N=83,  µ=2.9, 2σ =1.0 

3.51-4.00 
Before  N=15, µ=3.2, 2σ =0.5 

p=0.44 After N=29,  µ=3.0, 2σ =0.7 
 
The high p-values indicate that the observed 
differences are very likely attributable to chance 
for the subgroup of students with pre-requisite 
GPA between 0.00-2.50 and 3.50-4.00.  However, 
for the subgroup of students with pre- requisite 
GPA between 2.50 and 3.50 (corresponding to 
62% of the entire sample), UASQs had a 
significant positive impact in student learning of 
the material related to SLEs.  
 

The statistical results of the UASQ prototype 
study also revealed that overall students’ learning 
styles, self-efficacy, pre-requisite grades, number 
of attempts, and time duration with UASQs did 
not have a significant relationship to the students’ 
UASQ scores. This is possibly a positive outcome 
of the UASQ environment because regardless of 
the students pre-course disposition, they can be 
successful with demonstrating knowledge of SLE 
if they have unlimited access and time with 
UASQs.  

 
Focus groups and surveys exploring the 

experience with the UASQs also were conducted. 
Overall, the students indicated that they really 
enjoyed working with UASQs for several reasons:  

 
• UASQs had no time limit and, hence, there 

was no stress or pressure to complete the 
problems. This allowed the students to think 
through what they needed to do to complete 
the problem.  
 

 
• UASQs were helpful in preparing the 

students for their exams, and the structure 
directed their study. They felt that they 
studied more than they would have without 
UASQs, and they enjoyed getting the 
immediate feedback to help with “the little 
things”.  

• UASQs helped them identify immediately 
what they did and did not know. This was 
considered important to them because when 
they did the UASQs they knew right away 
what they got right and wrong.  In the 
traditional homework assignments, “you 
don't really know what you've gotten right or 
wrong until much later.” 
 

Based on the above observations, we are 
planning to develop and assess the effectiveness 
of these unlimited assessment quizzes for all 
topics of a typical course in Numerical Methods. 
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